INTRODUCTION
Marfan's syndrome, an autosomal dominant disease, is characterized by defects in connective tissue including dislocated lenses, long extremities, loose-jointedness, aortic aneurysm, and mitral regurgitation (1 lecovai found an increased ratio of 0.14 M NaCl-soluble to -insoluble collagen in fibroblast cultures derived from patients with the Marfan syndrome (2) . Increased amounts of salt-soluble collagen were observed in skin of patients with the Marfan syndrome (3). Metachromatic material thought to be chondroitin sulfate was found in the hearts and aortas of six patients (4) , and a two-to fourfold increase of glycosaminoglycan (GAG) ' excretion in Marfan patients has been reported (5) .
The studies of Danes and Bearn (6) and of Matalon and Dorfman (7) have established that excessive amounts of GAGs accumulate in skin fibroblasts cultured from patients with mucopolysaccharidoses. The presence of degradative defects in mucopolysaccharidoses, originally suggested by Van Hoof and Hers (8) , was confirmed by kinetic studies of Frantantoni, Hall, and Neufeld (9) and was more firmly established by the demonstration of the absence of a-L-iduronidase activity in Hurler's and Scheie's diseases by Matalon and Dorfman (10) and Bach, Friedman, Weissman, and Neufeld (11) , and of the absence of N-acetyl-a-Dglucosaminidase in Sanfilippo B disease by O'Brien (12) and Von Figura and Kresse (13) . Matalon and Dorfman observed metachromasia in fibroblasts cultured from patients with Marfan's disease and found that the excess GAG was primarily hyaluronic acid (14) . Skin fibroblasts cultured from normal individuals contain primarily hyaluronic acid in contrast to the excessive storage of dermatan sulfate in fibroblasts derived from Hurler's patients (7) .
The purpose of this study was to examine the kinetics of GAG metabolism in fibroblasts cultured from patients with Marfan syndrome in order to determine 'Abbreviations used in this paper: CPC, cetylpyridinium chloride; GAG, glycosaminoglycan. A second sister is 25 yr old, is 4 ft 11 inches tall and has no signs of the Marfan syndrome. None of the G. family was mentally retarded or had the skin or osteoporotic changes of homocystinuria.
Wa. is a 39-yr-old white male salesman, 7 ft tall with elongated fingers and toes, pectus excavatum, inguinal hernias, and ectopia lentis. He had severe aortic insufficiency and has undergone cardiac surgery and aortic valve replacement. Urine examination for homocystine was negative. Many others in his family were said to be tall with poor eyesight, but there was no recollection of heart disease.
Materials. Sodium [1-14C] (7) . Glutamine (2 mM/100 ml), sodium bicarbonate (5 ml of an 8.4% solution per 100 ml), penicillin (50 U/ml), and streptomycin (50 ,ug/ml) were added before use. The plates were maintained in 10% C02, 90% air at 370C and 100lo humidity, and the medium was changed twice weekly. pH of the culture medium was monitored with a Coleman Model 39 meter (Coleman Instruments, Maywood, Ill.) or by comparing the color of culture fluids with buffered standards containing methyl red. The pH was 7.5 immediately after changing media and C02 equilibration, but fell to 6.8 by the third day. In experiments comparing cells from Marfan and normal patients, cultures were used that had been through about the same number of transfers, usually three to six. The normal and Marfan cells, which showed a doubling time of 36 h, were grown for 3 wk, by which time multiplication had ceased. The number of cells and amount of protein and DNA were approximately the same at the start of each experiment for the Marfan and the control plates.
The cells were fed the day before pulse labeling when sodium [1-`4C]acetate (2 ,uCi/ml) or [U-'4C]glucosamine (0.5 ACi/ml) was added for varying periods of time. For studies involving analysis of extracellular GAG, the media was decanted and combined with two washes with cold Hanks' balanced salt solution. Cells were collected by scraping from the plate with a rubber policeman before sonication and protein determination (16) or were treated with trypsin (0.25%o) -EDTA and were counted with a hemocytometer. Cells were monitored for mycoplasma weekly and with each transfer by aerobic and anaerobic incubation on solid agar freshly prepared according to the method of Hayflick (17) .
Analytical methods. Isolation and characterization of GAGs were carried out by two methods. One involved digestion with crystalline papain, dialysis, concentration, addition of carrier hyaluronic acid and chondroitin 4-sulfate, followed by precipitation with cetylpyridinium chloride (CPC) as previously described (7) . The other involved papain digestion followed by gel filtration on columns (0.6 X 100 cm) of Sephadex G-75, G-100, or G-200 (Pharmacia Fine Chemicals Inc., Uppsala, Sweden). The eluant was 0.2 M NaCl with 0.2% sodium azide as a preservative. The excluded material was dialyzed and concentrated, and aliquots were digested with testicular hyaluronidase or streptococcal hyaluronidase in 0.15 M sodium acetate-0.1 M sodium chloride buffer, pH 4.5 (18) , or with chondoitinase ABC in 0.05 M Tris acetate at pH 8.0 for 3 h at 370C (19) . These digested samples, along with similarly incubated aliquots without enzymes, were rechromatographed on columns (20 X 0.9 cm) of Sephadex G-50 (fine) with the same eluant. Digestion by any of the three enzymes led to retardation of more than 90%o of the excluded counts from both Marfan and control preparations. Control experiments showed that the streptococcal hyaluronidase preparation did not digest chondroitin sulfate. ,8-Galactosidase, a-fucosidase and P-glucosidase activities were determined with the appropriate p-nitrophenyl derivatives as substrates. B-Glucosidase, ,8 glucuronidase, a-galactosidase, 8-xylosidase, and ,3-N-acetyl hexosaminidase were assayed with the 4-methylumbelliferyl derivates as substrates (8) . All were performed at pH 4.0-4.5. in the media than in the cells. The radioactivity of the CPC-precipitable material in the media continued to increase while that in the cells began to fall after 24 h, probably due to a decrease in specific activity of the intracellular precursor pool.
Electrophoresis on cellulose acetate strips of the isolated material in both media and cells showed that 90% of the radioactivity migrated as did authentic hyaluronic acid. Preincubation with streptococcal hyaluronidase resulted in complete disappearance of counts in the hyaluronate region. Treatment with testicular or streptococcal hyaluronidase also caused displacement of at least 90% of the counts from the G-100-excluded volume to the retarded volume of preparations from both Marfan cells and media (Fig. 1) (Table II) . (Fig. 2) . There appeared to be no significant differences between Marfan and control cells in the rate of removal of GAGs.
The experiment was repeated with [14C] glucosamine and a change of media every day for 6 days after an initial 24-h pulse. Figure 3 illustrates the rate of disappearance of radioactivity from streptococcal hyaluronidase-digestible GAGs isolated from the cells. Initial high rates of loss were observed, which were probably due to material adhering to the surface of the cells. If we exclude the first 20-h period, there were parallel rates of loss of labeled GAGs from control fibroblasts and fibroblasts from Marfan patients. The first-order rate constant for the loss of glucosamine-labeled GAG was k = 0.0104, and the half-life of the GAG was 66 h with no statistical differences between control and Marfan fibroblasts. (Table III) . (Table IV) . This difference was mainly due to a lesser amount of labeled high molecular weight material in the media, which represented 90% of the total counts. The counts isolated from the washed fibroblasts themselves actually rose two-to fourfold when incubated with cycloheximide compared to controls. This fibroblast-associated high molecular weight material was also digested with both testicular and streptococcal hyaluronidase.
In these experiments, the cycloheximide incubation was longer than that generally used (7, 24) (24) . The data presented here show that cycloheximide causes a minimal inhibition of hyaluronic acid synthesis in fibroblasts derived from both normal individuals and patients with the Marfan syndrome.
It is difficult to determine at this time whether increased hyaluronic acid synthesis represents the primary defect in Marfan's syndrome and accounts for the characteristic pathology of the disease. In previous studies it had been demonstrated that some increase in hyaluronic acid content occurs in Hurler fibroblasts (7) . Germinario, Kahlenberg, and Pinsky (27) have recently claimed this represents an increase in synthesis. There is considerable evidence that sulfated GAGs interact with collagen (28) . It is possible that the presence of excessive amounts of hyaluronic acid in the ground substance might interfere with the appropriate formation of collagen (or elastic fibers) and result in a change in the mechanical properties of tissues.
